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CH9-2003-0007 1 

gOHPyiggME OT OF IiIQgXDg OM SURFACES 

The present invention generally relates to confinement of 
liquids on surfaces and particularly relates to methods and 
apparatus for applying and confining liquids to surface areas. 

5 

There are many applications in which it is desirable to apply 
a. liquid to a surface* An example of such an application is in 
patterning or other processing of surfaces. Patterning and 
processing of surfaces with liquids is becoming increasingly 
10 important in a range of fields , including chemistry, biology , 
biotechnology, materials science, electronics, and optics. 
Patterning a surface by applying a liquid to the surface 
typically involves confinement of the liquid to defined 
regions of the surface, 

15 A surface is typically wettable by a liquid if the contact 
angle between a drop of the liquid and the surface is less 
than 90 degrees. A channel for carrying a liquid is typically 
wettable if the channel exerts a negative pressure on the 
liquid when partially filled. Such a negative pressure 

20 promotes filling of the channel by the liquid. In a channel 
having a homogeneous surface, a negative pressure arises if 
the contact angle between the liquid and the surface is less 
than BO degrees. A surface is typically regarded as more 
wettable if the contact angle between the surface and the 

25 liquid is smaller and less wettable if the contact angle 
between the surface and the liquid is higher. 

One conventional surface patterning technique is lithography, 
in lithography/ a mask is usually applied to the surface to be 
patterned. Apertures are formed in the mask to define regions 

30 of the surface to be exposed for treatment. Those areas of the 
surface remaining covered by the mask are protected from 
treatment. The mask is typically formed from a patterned layer 
of resist material. The surface carrying the mask is then 
typically immersed in a bath of chemical agents for treating 

35 the exposed regions of the surface. Lithography is a 
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relatively expensive process to perform, involving multiple 
steps, expensive instruments and laboratory facilities with 
controlled environments. With the possible exception of in 
situ synthesis of short DNA strands, lithography is generally 
5 unsuitable for handling and patterning biomolecules on 

surfaces. Lithography is also unsuitable for simultaneously 
processing surfaces with different chemicals in parallel, as 
described by Whlteside s. Annu. Rev. Biomed, ? (20011 > 335-373. 
There can be incompatibility between different process steps 
10 or chemicals used in lithography and between various surface 
layers processed by lithography. 

Another conventional surface patterning technique is drop 
delivery- Drop delivery systems, such as pin spotting systems, 
ink jet systems, and the like, typically project a relatively 

15- small volume of liquid onto a specific location on a surface. 
See Shena, M. , "Microarrav bjlotphip technology* f gaton 
Pufrlishii^g 2000 - However, these systems have limited 
resolution due to spreading of dispensed drops on the surface. 
Additionally, the quality of patterns formed by such systems 

20 is strongly limited by drying of the delivered liquid, as 
described by Smith, J. T. , w Spreading Diagram^ for the 
Optimization of Oujl^ Pin Printed , Micrparrav Density" f 
Iianomuir. 18 (200^). p 628,9-5293 . These systems are not 
generally useful for dissolving or extracting materials from a 

25 surface. Additionally, these systems do not facilitate a flow 
of liquid over a surface. Furthermore, these systems aire not 
suited to* process* a surface sequentially with several liquids. 

PCT WO 01/63241 A2 describes a surface patterning technique 
30 involving a device having a channel with a discharge aperture. 
A matching pillar is engaged with the discharge aperture to 
promote deposition of molecules on the top surface of the 
pillar. A disadvantage with this device is that it is not 
possible to vary patterning conditions for different pillars 
35 individually. Exposure of the surface to the liquid needs to 

be sufficiently long to allow reagents to reach the surface by 
diffusion. The method also requires a surface with pillars 
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matching the aperture. Precise alignment of the device with 
the pillars before engagement is required. Spacing between the 
discharge aperture and the pillars needs external control. The 
pillars cannot be moved on the surface to draw lines. 

5 Yet another conventional surface patterning technique involves 
application of a microfluidic device to the surface. An 
example of such a device is described in US patent 6,089,853. 
The device described therein can establish a flow of liquid 
over a surface. The flow can be created via capillary action 
10 in the device. The device can treat a surface with different 

liquids in parallel. However, the device must be sealed to the 
surface in the interests of confining the liquid to the region 
of the surface to be treated. Such confinement allows the 
formation of patterns with relatively high contrast and 
•15 - resolutions.- These are desirable qualities where biomolecules 
are patterned on a surface for biological screening and 
diagnostic purposes. In addition, the device must be placed on 
the surface to be treated and sealed around the processing 
regions before it can be filled with treatment liquid. If the 
20 flow is created by capillary action, other problems arise. For 
example, service ports in the device must be filled with 
treatment liquid for each patterning operation. In addition, 
only one liquid can be delivered to each channel in the 
device. The liquid cannot be flushed out of the channels 
25 before separation of the device from the surface. Furthermore, 
the treatment liquid tends to spread away from the regions of 
the surface to be treated during removal of the device from 
the surface. Also, the device is not suitable for processing a 
surface sequentially with several liquids. If the flow is 
30 created by external actuation, such as pressurization, 

electric fields, or the like, then other problems arise. For 
example, an individual connection from the actuator must be 
made to each channel in the device. Such connections to 
peripheral equipment limit the density of channels that can be 
35 integrated into the device and individually addressed. 

Pumping, valving, and control complexity increases as the 
number of channels increases. External connections create dead 
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volume between the device and external actuators because of 
the intervening Conduits, 

Another microf luidic device for localized processing of a 
surface is described in IBM Tech n ical Disclosure gullet 

5 reference pn tid46 Article 165 PaQQ 3, 046. This device is 

similar to that described in US patent 6,09,853. The device 
permits several liquids to be. flushed in sequence over the 
same surface area without requiring separation of the device 
from the surface. Such a device is thus useful for chemical 

10 and biological reactions involving the sequential delivery of 
several liquids. A disadvantage associated with this device 
however is that it must be sealed around the region of the 
surface to be treated before filling. Another disadvantage is 
that the liquids cannot be filled prior to application on the 

15 'device- to the surface*. Each additional step requires- 

supplementary filling of the relevant liquid. The lines need 
to be prestructured in the device via lithography and cannot 
be readjusted subsequently. 

Another conventional device for confining liquids to a 
20 predefined pattern between a top and bottom surface without 

involving a seal is described in European Patent 0 075 605. 

This device is useful for performing optical analysis of a 

liquid trapped between the top and bottom surface. However, 

the. device requires predefined topographical;\o'r chemical 
25 patterns on both the top and bottom surfaces. Also, the 

device, having no inlet or outlet ports, is not suitable for 

the transport of liquids. 

Another device for guiding liquids along a predetermined path 
is described in wo 99/56878. This device can flow several 

30 liquids simultaneously over a surface without involving seal 

to confine the liquids. However, a disadvantage of this device 
is that separation gaps between paths have to be capillary 
inactive. This limits path sizes to greater than 1 mm. 
Otherwise, meniscus pressures produce uncontrolled spreading 

35 of liquid. Another disadvantage of this device is that liquid 
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is not retained after separation and can instead spread over 
the surface. A further disadvantage of this device is that 
liquid delivery requires an external connection to each path. 
Cumbersome peripheral flow control devices are also required. 

Yet another method for guiding liquid along a surface without 
involving a seal is described in Zhao et y l.. Scie ncQ, Vol. 
391 (gOQl), Here, the surface is patterned with 

a wettability pattern. Specifically, two-wettable paths 
mirroring each other are defined on otherwise non-wettable top 
and bottom surfaces. This produces "virtual" channels without 
lateral walls that can have micrometer width. A disadvantage 
of this method is that it requires wettability patterns on 
both the top and bottom surfaces, in other words, the path for 
15 the flow of liquid must be predetermined using lithography, 
- -which- is -expensive and lacks flexibility. -F'Ujpthermore,- • the 
flow paths cannot be readjusted subsequently. Additionally, 
the wettability contrast between the two patterns needs to be 
very high r and requires both non-wettable areas on the top and 
bottom surfaces and highly wettable areas within the virtual 
channel. Furthermore, the two patterns have to match each 
other exactly in shape and alignment. Capillary action can be 
used to fill the channels, but the liquid cannot be removed or 
exchanged. This method is also susceptible to uncontrolled 
25 spreading of liquid because it is relatively difficult to 
produce sufficiently non~wettable surfaces. 

It would be desirable ,to provide a technique for confining, a 
liquid on a surface in a more versatile and convenient manner. 

30 In accordance with the present invention, there is now 
provided a device for applying a liquid to a substrate 
surface, the device comprising a chamber for carrying the 
liquid, an aperture in the chamber for communicating liquid 
from the chamber to the substrate surface via a conduit having 

35 outer sides of limited wettability to the liquid. 
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Liquid dispensed from the device is confined in a volume 
defined by the aperture. A physical seal between the device 
and the substrate surface, that is, the surface to be 
contacted by the liquid, is not needed- Xn preferred 
embodiments of the present invention, the confinement arises 
through the geometry of the aperture and the superposition of 
a wettability pattern on the aperture and surrounding regions 
of the device- Such devices are especially although not 
exclusively useful in the application of surface treatment in 
the a range of fields, including microelectronics, optics, 
biology, biochemistry, and biotechnology. The present 
invention also extends to an array of such devices. 



In a particularly preferred embodiment of the present 
invention, the device has a body including a protrusion 
defined by the outer- sides of the conduit. The conduit- • 
preferably comprises inner sides wettable by the liquid. The 
body preferably comprises a plane inner surface surrounding 
the protrusion and a plane outer surface parallel to, offset 
from, and surrounding the inner surface, the protrusion 
extending from the inner surface and having an end coplanar 
with outer surface. The inner surface may form a peripheral 
recess surrounding the protrusion. The outer surface is 
preferably of limited wettability to the liquid. The end of 
the protrusion is preferably wettable by the liquid, in some 
25 embodiments of the present invention', the outer surf ace may 
define a plane located between that defined by the inner 
• surface and that defined by the end of the protrusion. In 

other embodiments of the present invention, the outer surface 
may be omitted altogether. 



In a preferred embodiment of the present invention, the device 
comprises: a first chamber for carrying the liquid; a second 
chamber for carrying the liquid; a first aperture in the first 
chamber for communicating liquid from the first chamber to the 
substrate surface via a first conduit having outer sides of 
35 limited wettability to the liquid; and, a second aperture in 
' the second chamber for communicating liquid from the second 
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chamber to the substrate surface via a second conduit having 
outer sides of limited wettability to the liquid- The device 
preferably comprises a body including a protrusion defined by 
the outer sides of the first and second conduits* The first 
5 and second conduits may comprise inner sides lettable by the 
liquid. The body may comprise a plane inner surface 
surrounding the protrusion and a plane outer surface parallel 
to, offset from, and surrounding the inner surface, the 
protrusion extending from the inner surface and having an end 
10 coplanar with outer surface. The inner surface may form a 
peripheral recess surrounding the protrusion. The outer 
surface may be of limited wettability to the liquid* The end 
of the protrusion is preferably wet table by the liquid. 

in one application, pressure* in the chamber can be regulated 
•* 15 ■ such that liquid is retained in - the chamber when the aperture- 
is remote from the substrate: surface. When the aperture is 



There may be a plurality of chambers each coupled to an 
aperture, where the pressure is controlled in each chamber, in 
parallel or individually. 

The chamber pressure may be generated by external pumps such 
25 as syringe pumps or peristaltic pumps or other means of 

pressuri'zation, 'by integrated pumps such as micro fabricated 
pumps , by electro-kinetic pumping, by capillary-force based 
pumping/ or by other pumping means. Further, there may be 
provided valves for controlling flow of liquid. Such valves 
30 may be located within external connections,, in the chamber, in 
connections between chamber and aperture, or in the aperture. 
Such valves may be closed .or opened on demand. Devices 
embodying the present invention may form or otherwise 
constitute a fluidic netwcirk. There may be a feedback system 
35 for measuring pressure within such a network, for example at 
apertures and/or chambers j Alternatively, there may be 



20 



proximal to the substrate surface, pressure may be applied to 
initiate flow of liquid out of the aperture onto the surface. 
When the device is withdrawn from the surface, the pressure 
may be tuned to draw back excessive liquid from the surface. 
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provided feedback based on thd volume of liquid pumped. The 
feedback may facilitate control of flow of liquid and avoid 
undesired spreading of liquid ! on the substrate surface. There 
may be a plurality of chambers each coupled to an aperture, 
where pressure is controlled xn each chamber, in parallel or 
individually. Further, there may be one or more valves that 
control the flow for each chainber in parallel or individually. 
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The chamber may apply a pressure for retaining the liquid when 
the aperture is remote from tjhe substrate surface. The chamber 
may comprise a capillary network for applying pressure to the 
liquid. The capillary network may comprise at least one of a 
plurality of parallel capillary members, a mesh, a porous 
material, and a fibrous material. There may be a plurality of 
chambers each coupled to an. aperture. The pressures may be 
such -that*- the liquid is drawn towards the- 'Chambers in response- 
to withdrawal of the aperturja from the substrate surface. 



There may be a plurality of 



first and second chambers each 



each chamber, in parallel o 



coupled to the aperture, where the pressure is controlled in 



1 



individually. 



The end of the protrusion may comprise a flow path extending 
from a first aperture to a jsecond aperture connected to a 
first chamber and a second 



chamber respectively. The 
protrusion defining the flo* path may be flat, or rounded, or 
contain a recess of rectangalar of curved cross section. 

25 Pressure in the first chaifflcer inay.be regulated such that 

liquid is retained in the fjirst aperture when the flow path is 
remote from the substrate Surface. Pressure in the second 
chamber may also be regulated /such that the difference between 
the first and second pressures is oriented to promote flow of 



the liquid from the first chamber to the second chamber via 
the flow path when the flow pkth is located proximal to the 
substrate surface with the liquid in the device contacting the 
substrate surface. The first and second pressures can further 
be regulated such that excessive liquid is drawn towards at 
least the second chamber in response to withdrawal of the flow 
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first chambers each coupled tc 
may be a plurality of second 
path. 



the flow path. Equally, th^re 
chambers each coupled to the flow 



second apertures may be 



The pressure in the first and 

generated by external pumps or the' like as herein before 
described. There may be provided* a feedback system that 
measures the pressure within (the system, for example at the 
first and second apertures and/or the first and second 
chambers- The feedback may be based on the volume of liquid 
pumped in the first and second chambers . The feedback may 
facilitate the control of the flow of liquid and avoid 
undesired spreading of liquid oh the substrate surface. There 
may be a plurality of first Lnd second chambers each coupled 



to first and* se'co'nd ' Aperture 
each of the first and second 
individually. Further, thet€ 
controlling flow for each oi 



parallel or individually. There may be a plurality of first 



20 chambers each coupled to th4 



In an example of the present 
applies a first pressure for 
flow path is remote from tfce 
chamber applies a second pr 



, 1 Where pressure is controlled in 

aperturefe, in parallel or 

may be one or more valves 

the first and second apertures in 



flow path. Equally, there may be 



a plurality of second chambers each coupled to the flow' path. 



invention, the first chamber 
retaining the liquid when the 
substrate surface. The second 
essure to' the liquid such that the 



difference between the first and second pressures is oriented 

i- I 

to promote flow of the liquid .from the first chamber to the 
second chamber via jthe flow path in 'response to the flow path 
being located proximal to :he. substrate surface and the liquid 
in the device contacting tie substrate surface. The first and 
second pressures are such ftha.t the liquid is drawn towards at 
least the second chamber iln response to withdrawal of the flow 
path from the substrate sJrface. At;- least one of the first 
chamber and the second chamber may "comprise a capillary 
network for applying pressure to the liquid. The or each 
capillary network may comprise at least one of a plurality of 
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fibrous material. There may be 
each coupled to the flow path 



10 



parallel capillary members, a mesh, a porous material, and a 



plurality of second chambers Sach couplfed to the flow path 



5 The first and second pressures 



a plurality of first chambers 
Equally/:." there may be a 



may be ^uch that the liquid is 



drawn towards the first chamber and the second chamber in 



response to withdrawal of the 
surface - 

Many other applications of tt 



flow path from the substrate 



.e present; 1 ; invention are possible - 



Devices embodying the present invention may be of unitary 
construction, possibly formed from any ; one of elastomer, 
silicon. StJ-8, photoresist f ihermoplasjtic , ceramic, and metal. 
Alternatively, devices embodying the present invention may be 

of layered-construction, with each la^er possibly -formed from- 

15 any one of glass, polymer, silicon, Str-'8 r photoresist, 



thermoplastic , metal 



and ceramics. 



Viewing the present invention from another aspect, there is 
now provided a method for applying a -liquid to a substrate 



surface, the method comprising: locating a single aperture 

20 device as herein before described proximal to the substrate 

• ; i 
surface; supplying t£ie liquid to the ('substrate surface via the 



device; and, retracting th^ 
Viewing the present ; invent i| 



device f£om the substrate surface. 

j; iT- 
on from yet another aspect, there 



is now provided a method for applying a li<-juid to a substrate 
surface, the method* comprising: locating a two aperture device 
as herein before described proximal [to the substrate surface; 
supplying the liquid to the substrate surface via the device ; 
flowing the liquid from ths first c&ainber to the second 
chamber via the flow path; and, retracting the device from the 
substrate surface. ;The flow of the liquid from the first 
chamber to the second chanper may bfe varied during the supply 
of the liquid to the surf 



ace. 
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Prior to the retracting, devicjbs as herein before described 
may be moved relative to the stabs trate 'surface with the liquid 
in the or each aperture contacting; with( the substrate surface. 



5 liquid to a substrate surface 



The present invention also ejcUends- to a method for applying a 



comprising: locating a multiple 



aperture device as herein before described proximal to the 
substrate surface; supplying pie liquid to the substrate 
surface via the device; moving the device relative to the 
substrate surface with the 13 quid, in each aperture contacting 
with the siabs trate surface; c.nd, retracting the device from 
the substrate surface; The device' may be oriented relative to 
the substrate surface! such tnat traces of the liquid produced 
as the device is moved relative to the substrate surface 
remain separate. Similarly, the device may be oriented 
relative- to the substrate- surface sucA - that -traces of the 
liquid produced as the devicje is 'moved relative to the 
substrate surface overlap. Brior ; to locating, a similar liquid 
may be loaded into the chambers Alternatively, different 
liquids may be loaded into the chambers. 

' i i 

The present invention further extendi to a method for applying 
a liquid to a substrate surface,, comprising: locating an array 
of two aperture devices as herein before described proximal to 

ying the £ liquid to the substrate 



the substrate surface; 

surface via the array; in ^ach device^of the array, flowing 
the liquid from the;, first chamber tor the second chamber via 
the flow path; movihg the slrray: relative to the substrate 
surface with the liquid in J each! aperture contacting with the 
substrate surface; and, retracting the array from the 
substrate surface, in at least ione device of the array f the 
flow of the liquid .from the first chamber to the second 
chamber may be varied during the supply of the liquid to the 
surface. The array may be prieiited relative to the substrate 
surface such that traces of the floors of liquid produced as 
the array is moved j relative to! the (substrate surface remain 
separate* Similarly, the array ! may pe oriented relative to the 
substrate surface such thut traces jofi the flows of liquid 

i J 

■ • i 

1 f 
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produced as the array moved relative £to the substrate 
surface overlap. Similaiir or different liquids may be loaded 
into each device of the* array. j 

I 

Xn one embodiment of the present xnventkon, a single chamber 
5 device as herein before described, is thought close to a 



surface so as to contact the sui 
area of micrometer dimensions 
aperture. The device ife then 



rface with the liquid in an 

J. 



defined by the geometry of the 
fiom the surface. In 

r 



removed 



another embodiment of jjthe prefsent invention, prior to removal 
of the device r the surjface i 
device with the liquid in th 



within the surface so jf that tile liquid |ls traced across the 
surface. In yet anothir embodiment of jjthe present invention, 
the tracing is performed using the two aperture device herein 
- 15 before described, with the 'liquid flowing between the- 

apertures a© the device is traced, is <&ver of the surface. 

As indicated earlier ,jj devices einBodyihg the present invention 



lateral!^ moved relative to the 
device remaining in contact 



are particularly useful for 
chamber, well, reservoir, off 



physical seal. Thus,? the or 



transporting liquid from a 
similar Container, to a surface, 



and to confine the liquid oil- the ' surfjace without need for a 



each apeiture of such device may 



be defined by non-seikling materials iixdh as silicon or the 
like. The non-contaqt operation of devices embodying the 
present invention prevents pontajminafiion or other damage . to 

25 the surface being ta|aated aid to the| device. 

a 

'1 



X 



L 



resent invention are 



Treatment techniques embodying 
applicable to surfaces havihg wide i^nge of different 
properties and wettability]: The * two Japerture device herein 
before described pejrmits addition ofj. a flow of liquid, thus 
preventing depletiofi of matteridul adsorbed to the surface 



treated. Homogeneouik patterns oif, 



may be thereby produced, 
invention is traced over 
produced may be smoother 
techniques, such as ink j 
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en a device embodying the present 
le stirfac|* treated, the lines 
an ^hosej^possible with conventional 
i,t printing. Because the liquid 
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deposited is relatively! small 
is quick, and does not jlead tq, : 
material on. the surface / such 



. IBM ZURICH IPD 

r—i — r~ 



i3 



K 



jthege is :|no spreading, drying 
excess iv©: accumulation of 
&ine4 may :, be mad© smaller than 
possible with conventional techniques.* if 

•I ii 

If a flow is applied, via a t\'p apferturja device as herein 
before described, the iboncent:fati6h of deposited materials may 
be varied as the deviate is drawn off the* surface treated. A 
range of gradients in -boncentraticjn may: be thus produced, 
depending on application. Suck a &gv±q£ is useful for both 
additive and subtractive pattjfernirig of f.inaterials onto a 
surface. A series of £uch de\£Lceslmay drawn over a surface in 
sequence. Bach aperture of such d&viceS may contain a 
different one of a grpup of :*eage?hts for collectively 
implementing a chain jreactioi on the Surface. 

* * ' ' ' v - 'f * ;i" -fj - 

Another advantage asdbciatedl witii devotes embodying the 
present invention is ?that they cdn be!pre-f illed with 
processing liquids for subse^^en^i repetitive application and 
removal from areas of surfacfes t& be processed. Surface 
processing can be repeated 
without refilling and thus 
associated with suchj devic 
produced via conventional 
typical applications!;, a d 



can be placed at an ikrbitri 



jultij£le twines from the same device 
elavi Yet] another advantage 

is ;!that ; s they can be swiftly mass 
croijabrication techniques. In 
Ice ^nbodilng the present invention 



allocation on a surface and 
process parameters dan be contrdlled^via dimensions and 



contact time, 
fabricate . 



ArrayS of sudh de^icesMare relatively easy to 

! li .1 



I. 



Another advantage aisociat^d with devices embodying the 



!• i 

re- 



present invention is that 
surfaces such as bekds or 
surface with variat$L 
roughened surfaces [jand the 




Jylirifders^j inhomogeneous surfaces, 
e wettability, corrugated or otherwise 
like 



!h 



ey ; fc:an he used to treat curved 



i I 



Devices embodying Une present -invention may be employed to 
deposit biomolecules in selected regions of a surface to make 
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bio-arrays , thus facilitating 
Devices embodying the present 
employed in subjecting j select* 
processes, such as processes 
a star face; etching specific 
metal on a surface; localizing 



IBM ZURICH 1TD 



iass • fabrication of bio-chips. 
Lnver t ion [ jean be equally 

o'& a surface to other 



areas 



a surface; depositing batalyt|c pafrticXfes for electroless 



entities on a surface 



of the jpres 



Preferred embodiments 
described, by way of fexanrple 
accompanying drawings), in wh£ch 



makinc j asseiys; ancL, staining cells. 



.8 



: repairing pattern defects on 

liurface; depositing 
alecdirochemical reactions on 



deposition of metals, jdepositllon dlassjjpr latex beads or other 
particles on a surface!; passiSratifg specific areas of a 
10 surface; patterning proteins,: j DNA, cel3ss, or other biological 



onlyj, witiijjji reference to the 



Figure 1 is a cross sections 
the present inventioi.; 

Figure 2 is a plan vj.ew of 
shown in Figure 1; 



invention will now be 



e vieijw of a device embodying 



bottom saarface of the device 



Figure 3 is a cross 



sectional sine vifew of the device shown in 



20 Figure X in operation; 



Figur.e 4 is a plan *\ 



shown in Figure 1 iA opera 



lew of 



Surface of. the device 



Figure 5 is a cross 



embodying the present inv< 



sectiomal side view of another device 



Figuro 6 is a plan 
shown in Figure 5; 



Figure 7 is a cross sectic 
embodying the present invd 



view ofjja bottom feurf ace of the device 
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Figure 8 is a plan view of a bfpttpjn surface of the device 
shown in Figure 7; 



Figure 9 is a cross sectional Ikide? view 

f ' 

Figure 7 in operation; I I 



tef the device shown in 



Figure .10 is a plan view of ajjbottiom surface of the device 

shown in Figure 7 in operation; ; 

fi '* 

Figure 11 is a cross sectional* end vie^ of yet another device 
embodying the present invention; j 

Figure 12 is a plan view of J botJtom surface of the device 
10 shown in Figure 11 in operation; i 



Figure -13 is- a plan view of |he device;j| shown in Figure- 1 
operating in a drawing mode;P 1 



Figure 14 is a plan view of Ik surface 
operation shown in Figure 13; { 



reated by the drawing 



15 Figure 15 is a plan view of lithe jdevicl shown in Figure 5 



operating in a dawning model 



Figure 16 is a plan view off a sikrfacei 
operation shown in Eigure 

I 



treated by the drawing 



Figure 17 is a plan view ow thej device shown in Figure 7 
20 operating in a drawing mod J; add, 



Figure 18 is a plan view o| a surfacjj* treated by the drawing 
operation shown in Figure 'f.7; and, 



Figure 19 is a cross sectilbn side vijew of another device 
embodying the present invejktion in operation. 



25 Referring first to Figured 1 and 2 ajn combination, an example 

if r ill 

of a device embodying t^Lelbre^ent invention comprises a body 
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10 formed from a material suchfas PDMS, 
photoresist, polymers, ceramicjp and met* 
formed on one side of the bodyjllO. The 
an aperture 30 open to the otfcger side oi 



silicon, SU-8, 

A chamber 20 is 
?er 20 connects to 
the body 10 via a 



necked portion 40 or channel, | The aper|ure 30 is formed in a 
protrusion 50 extending from J. plane inner surface 60. The 
interior walls of the chamber 120, .the interior walls 70 of the 
aperture 30 and the end 80 the protrusiion 50 are wet table by 
the licpiid. The exterior walls 90 of tile protrusion 50 and the 
inner surface 60 are non-wettable. In other embodiments of the 
present invention, the end 80| may be nqn-wet table . The 
protrusion 50 is surrounded the ^ aa W c surfed® 60. In turn, 
the inner surface 60 is surrounded by a non-wettable plane 
outer surface 100 parallel td the innei surface 60. The inner 
surface 60 and its interior ^ialls 95 aire non-wettable. The 
outer- surface 100 and the end 80 of tife protrusion 50 .are 
.coplanar, so that the inner jlurface 6C}| resides in a recess 
surrounding the aperture 3 0 , 

Different techniques may be pmployed |jo apply surface 
wettability patterning to tl|e device, jpor example, surfaces to 
be made non-wettable may be Jinked viaffa stamp with a thiol 
having a non wettable end group. Suri 
may be exposed to a thiol having a we 
solution. The solvent may be ethanol, 
PDMS sealing may be employefi to mask: 
wettability and non~wettabi{Lity agent! 

infc may be applied via. a, stfemp.. In o€her examples, both the 
wettability and non wettability agenf s may be supplied in 



xces to be made wettable 
: table end group in 
for example. Temporary 
applications of 

from each other. The 



solution. The geometry of tipe device 
network to guide such agentfs to des 
device. The surfaces may be pretreat 
gold or similar noble metai. Such a 
applied by evaporation, sppttering, 



Referring now to Figures 
the chamber 20 is loaded 
onto a surface 12 Qi to be 



and. 4 in 
,th a 
•eat : ed 
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'may provide a capillary 
ed surfaces of the 
:d with a primer layer of 
rimer layer may be 
5r the like. 



combination, in operation, 
liquid 110 to be dispensed 
surface 120 may be a 



The 
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glass surface. However/ the suiffacg 120 
The surface 120 can be ;f lat, rjfiugh,! cora 
fibrous, and/ or chemically inhfianogeneouE 
retained in the chamber 20 by ffzhe combii 



ay have other forms 
igated, porous , 

The liquid 110 is 
3d action of surface 
5 tension at the aperture 30 andl pressure Jjlin the chamber 20* The 
pressure in the chamber 20 is breferabl|| set to negative 
values, P^0. This contributes |to retainjing liquid 110 in the 
chamber 20. The aperture 30 p|ovides a jlapillary or meniscus 
pressure exerting a negative j|ressura dp<0 on liquid 110. .If 
10 one likes to keep the. aperture filled 4lth liquid, he can tune 
P such as OP<p. op then sucks! liquid lip from the chamber 20 
into aperture 30. Aperture 3 dl widens af its intersection with 
the end 80, thereby suppressing the caJSillary pressure* P may 
even be greater than or equaJ to b, in| which case the aperture 
15 30 is overfilled with liquid JllO.i Thisf leads to liquid 110 



having a convex surface. Suclft a"S : urfa< 

positive pressure albeit of ielatiivel; 

a case, aperture 30 is fillefl witth li 

* II * 

intersection with th4 end 801 Relativ. 

aperture 30 are desirable fcfi: forming 

curvatures in the surface oq liquid lfjo 

between liquid 110 aiid the 



is a source- of 
low magnitude • In such 
id 110 -up to the 
y small dimensions of 
elatively high 
. By virtue of tension 



rrojixndinir medium, such curvatures 
can confine liquid 110 
within aperture 30 cjespite 4 pogitivejj pressure head. 



produce relatively hfigh preJsurefs 



25 In operation;; the aperture $0 .ds bro 



surface 120. By tuning the fsreisiure 



liquid fills the aperture 
the surface 120. The non-we 
recessed inner surface 60, 
cooperate to conf ink the 1: 
to an area of the Surface 



f 



cross- sectional width of tffie k^ert 
surface 120 and liguid llo||can|be c 
pressure P to the chamber ho aspiraij 
the surface, and b|r simultaneously 
the device from thjp surfadja 120. 



ht proximal to the 
in the chamber 20, the 
soi thatlthe liquid 110 contacts 
tabjLe walls 90 and 95, the 
.d pon-wittable outer surfaces 100 
x<^ 110 Contacting the surface 120 
urate with the 

30. Contact between the 
tailed applying a 
excessive liquid from 
r subsequently disengaging 
id contacts 110 may be 



120 corome 
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18 



may be made and broken by alternately engaging and disengaging 
the device with the surface 12J 



In operation active flow conti 
integrated pumps, and valves 
pressure P in the chamber 20. 



>l|ers sufch as external pumps, 
{be pro/ided to regulate the 



A plurality of a capillary members may 



extend into the chamber 



2 0 and act as flow controller! *Khe capillary members form 
capillary network exerting c 



The capillary members may ha-v 
rectangular, or other cross 
controllers may each comprise 
network, such, as a network £<1 
fibrous material. 



iljlary action on the liquid 110. 

Circular , hexagonal , square , 
ciions. Alternatively, the flow 
aj'dif ferJLnt form of capillary 



ed fron 



The supply of liquid 110 canf bd ; replenished as necessary via 



the chamber . Such replenish^ 
device. The chamber may be 
110 from below via the apert 
close the chamber. The lid 
liquid 110 can only be intr<; 
apertures 30 may be likewis^ 
evaporation during periods 
a reservoir for liquid 110 
refilling, and draining the| 
of lids, 

Liquid * 110 may contain tre« 
region of the surface 120 
surface 120 causes exposure 
facing the end 80 to the t: 
may comprise molecules . Th| 
bio-pat teming application^ 
possible, such as sequent; 
to the surface 120. Simili 
depending on the surface 



mesh, porous, or 



ag permits repetitive reuse of the 
baded and/ or unloaded with liquid 
30. :'A| lid may be provided to 
[:be permanently sealed so that 
:ed viaj the aperture 3 0 . The 
with a lid to prevent 
A support device having 



ire 

ri 

iuce 



provided 



f nonuse 

tyj be provided for filling, 
ch!krober : without involving removal 



lent agents for processing a 
Sngaging the device with the 
of the .legion of the surface 120 
[eatment; agent . The treatment agent 
device- i s therefore useful in 
, However:, other applications are 
l! delivery of different treatments 
lv, other liquids may be employed 
ocessirigj desired. Examples of 
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possible liquids include etc* 
localized chemical reactions ojs 



Its 



: i 
i 

and the like for producing 
e surface 120. 



10 



15 



20 



25 



30 



elastomeric or rigid materials, 
microfabrication techniques 
Lng, injection molding and the 
*»in construction or an 



The body 10 may be formed froa 
Such materials can be shaped 
such as photolithography , etc! 
like. The body 10 may be units 

assemblage of parts such as a|lafcrered assembly. Each layer may 
formed from a different material! 
SU-8, photoresist, thermoplas 



A manipulator may be employee 
to the surface 120- The manii 
or automatically controlled 
similar electronic control 
the device/ the surface 120 , 
plane and/or out of plane ta 
relative motions. 

A plurality of devices as h« 
reference to Figures 1 to 4 
array* For example, referrii 
combination, such an array 
32 extending from separate 
the same liquid or dif ferei 
conpri^e more than two ape: 
share a common chamber. 



J 



I such, as elastomer, silicon, 
ceramic, and metal. 



tcj position the device relative 
Lator may be manually controlled 
alia programmable computer or 

[stem. TJhej manipulator may act on 

i 1 ' 

' or > both-, ^providing control of in 
slational and/ or rotational 



reain before described with 
be gajaged together in an 
to Figures 5 and 6 in 
aylj comprise two apertures 31 and 
!hamber$. -Each chamber may contain 
. ijiquidsi Other arrays may 
:uif.es. Groups of such\apertures may 



With reference to Figure 7 
embodiment of the present 
are interconnected via an 
apertures 31,32, and the f| 
the protrusion 50 from the 
and the end 80 of. the prot 
coplanar. The interior wa3 
walls 70 of the apertures 
50, and the flow path 130, 
the exterior walls 30 of 



t f 

,d 8 in combination, in another 
v ant ion, £ the apertures 31 and 32 
taxveriirjp flow path 130. The 
j path? l|30 are together formed in 

3ner surface 60. The flow path 13 0 
ion 50 [are substantially 
of the j chambers 20, the interior 
32, the end 80 of the protrusion 
aie wet table by the liquid. Again, 
I protrusion 50 are non-wettable. 



ovj 
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The protrusion 50 is surrounde, 
turn, the inner surface 60 is 
outer surface 100, The outsid< 
surface 6tf to the outer surf a 
The outer surface 100 and the 
coplanar, so that the inner s 
surrounding the apertures 31, 
flow path 130 may he straightj 
include a recess formed betw 
rounded or rectangular cross 
chamber 20 connected to aper 
the chamber 20 connected ape 
port- The liquid 110 is init 



by the 
iurroun 
walls 9(5 
100 xnay 
£ 



inner surface 60 . In 



I 



id by the non-wettable 

that connect the inner 
^ be non-wettable too. 
id 80 if the protrusion 50 are 
face 60 resides in a recess 
12 and fens flow path 130. The 
'or curved. The flow path 130 may 

the apertures 31 and 32 of 
ection.) ::n operation, the 

31 £,c:s as a fill port and 
ur.e 3 2 acts as a flow promotion 
lly introduced to the fill port. 

in conjpilnation, in operation, 
jredsure Pi. Pi is • 



Referring to Figures 9 and lj 

the fill port holds liquid l|0 at pressure Pi. 

contributes to retaining 
liquid 110 in the fill port J Aperture 31 from the fill port 



preferably negative. P1<0 . 



provides a capillary or mend 
pressure OP1<:0 on liquid 11C 



cus pressure exerting a negative 



A tip (not shown) wettable flo the laquid 110 may extend from 
the body 10 into the flow pith 40 . adjjacent aperture 31. The 
tip sucks up the liquid liolto.its .^r|d by capillary force. The 
tip may be resilient to present dari^ge to the device or the 



surface 120. There may.be nfiltiple .jtips spaced along the flow 
path 40 to ensure uniform 6§>acing tjetween the flow path 40 and 
the surface 120. | -J 



Engagement of the device w: 
surface channel correspond^ 
provided, tips inside and 
surface 120 to define the 
together with the flaw pal 
flow of liquid by expellii 
into the flow path 130. PI 
the flow path 130 but does 
depth of the surface 



;h the siiirface 120 creates a. 
g to t|i^ flow path 130. If 

the flow channel abut the 



Jutside p' 

ize of ;jtfli Q surface channel, 
13 0. The pressure PI initiates the 
the lilqiid from the aperture 31 



is tun^d 



so that the liquid enters 
not spafekd out on the surface. The 
al,. the;) interf acial tension of the 
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liquid, the contact angle of tfle liquid* 
surface and on the outer wall 
head that the channel can wit; 
channel generates a capillary 
while the liquid 110 fills th< 
aperture 31 to the aperture 3 
CP will help propel the liqui 



stand. 
>ressur< 
surfaci 



on the substrate 



90* defajua the maximal pressure 
~ ±ther, the surface 



:p on the liquid 110 
channel from the 



For a'jdapillary pressure CP<0, 



from 



aperture 31 to the 



aperture 32* The magnitude off CP is determined by the surface 



tension of liquid 110, the cc 
the flow path 130 and the s\ 
formed between the flow path 
be tuned by varying the size I 
120 and the device. The small 
magnitude of CP, Having a wej 
help lowering CP to small anl 



jttact anLies of liquid 110 with 
:ace 128 r j and the size of the gap 
L30- and;jtaie surface 120. CP may 
?f • the 



-.able 



When the liquid 110 reaches 
liquid 110 is subjected to 
promotion port. Further, th€ 
capillary pressure of the ai 

20 the aperture 32 are wettabl^ 
the liquid into aperture 2 , 
aperture 32, it is drawn ±n\ 
towards the promotion port, 
a pressure F2<P1 on liquid 

25 >\ liquid 110 from the fill p< 
rate is a function of the 
flow resistance of the flo\ 
promotion port for the lie 




a£> between the surface 
5 the ^rap, the higher the 

face channel 13 0 will 
values - 



the aperture 32, the 
suujre P2 in the flow 
£fe also subjected to the 
21 OP2. If the walls of 
; ' land OF2 will help suck 
.us, wljien liquid 110 reaches 
32 and propelled 



le pres 
liquid 
arfcure I 
OP2<;0 



Apert 
:in* tuni 
10 L Thu 
t to £M& 



the promotion port exerts 

P2 supports a flow of 
promotion port . The flow 
tip (pj}-?£2) /Fr, where Fr is the 
pa'th fafolu fill port to flow 
d ; 110, 



I 



30 



If the gap increases, the ifagaitu< 
a slight negative pressure! in: at Ijbi 
flow promotion port, the liquid 1 
one of the apertures 31, 32f and un< 



35 



liquid 110 on the subs t rat 
prevented. The drainage cc 
liquid 110. 



of CP reduces. By applying 
st one of fill port and 
is sucked into at least 
Strolled spreading of the 
120 can b<=» effectively 



SAirfade 

ses dijsrjxption of the flow of 
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In another application, the fl| 
started when the device is engj 
The surface channel provides 
propels liquid 110 from aperti 
CP<0. The magnitude of CP is 
of liquid 110 , the contact and 
path 13 0 and the surface 120, 
between the flow path 130 and] 
by varying the size of the ga 
device. The smaller the gap. 



of li<iuid is automatically 
fged witi *j the surface 120. 
capillar^ pressure. CP. CP 
e 31 tc ^aperture 32, CP<Pl and 
terminedjby the surface tension 
es of liquid 110 with the flow 
the:ls?ize of the gap formed 



ihe sur: 



race 120. CP may be tuned 



Aperture 32 provides a capii: 
pressure exerts a negative st 
in the flow path 130. OP2<Pl. 
aperture 32, it is drawn int^ 
towards the promotion port, 
a negative pressure P2<0 on 
supports a flow of liquid 1* 
promotion port. The flow rat 
(Pl-P2)/Fr, where Fr is the 
Capillary pressure retains 



:ond pre 



betweel;the surface 120 and the 

e highjar the magnitude of CP, 

is 
% i 

ry or Meniscus pressure. This 



ssure OP2<0 on liquid 110 



Thus, yiijan liquid 110 reaches 
aperture 32 and propelled 
•turn,*- <che- promotion port exerts 
liquid 1LO. P2<P1. Thus, P2 
from thte fill port to the 
is a fjunction of the ratio 
low redi^tance of liquid 110. 
quid 1^0: in the flow path 130. 



tude 
Below 



If the gap increases, the 
CP reaches a threshold valu 
liquid 110 in the flow pat 
port, and then, provided tl^|Lt PK0; 
The drainage causes disrup 
flow of liquid 110 can be 
device from the surface 12 
alternatively initiated an< 
and disengaging the device 



bf CP reduces. Eventually, 
the threshold value. 



130 drains first into the fill 



Lon of 



into the promotion port.:- 
tjli© flow of liquid 110. The 
fcailec j pimply by disengaging the 
Flow 

stoppeAiby alternately engaging 



of 1 liquid 110 can be 



The tip may be omitted anc 
other techniques. For exs 
effected by first bringinc 
surface 120 so that liquic 
120. The device is then w^ 
distance equal to the des 



ihdrawri 
red depi: 



i 'surface 120. 



/ith th4 



[flow initialization effected by 
pie, flew, initialization may be 
[ the enc:'j'80 into contact with the 
110 coi tiacts and wets the surface 
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of surface channel. 
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Capillary pressure then transp 
path 130 until the liquid reac 
whereupon the pressure differ 
the flow. Flow initialization 
the device close to the surfa 
The device and/ or the surface 
promote condensation, thereby 
Alternatively, an electric fi 
device and the surface in the 
110 in aperture 31 to contact 
pressure pulse may be applie 
stimulate contact with the s 
pulse may be applied to the 
of liquid 110 via vajporizati 

•The flow path 13 0 may have af 
unwanted liquid retention, at 
chambers. Alternatively, thelflow pa 




pets liqfa^d 110 along the flow 
les thelfcsrorootion port, 

( in the ports maintains 
e achieved by locating 
120 irl|k humid environment, 
y be ^iktially cooled to 
urther j Stimulating flow . 
d* may rbS applied between the 
interests of stimulating liquid 
ce 120. Similarly, a 
L 110 in aperture 31 to 
Alternatively, a heat 
to initialise the flow 
liquid 110. 



face 
quid lji 
of the 




curved v 
resi< 



rectangular cross section, 
along corners of the flow pe 
surface 120. Such residual 
reagents by evaporation of 
of the flow path 13 0 when rs 
optimized by tuning wettabiij 
and P2 to prevent unwanted 
residual flow to a desired 

The direction of flow of li 
reversed by selectively re 
between the fill ana promot 
selectively made greater ir 
130 can be filled with lie 
slightly tilted relative 
operated facing upwardly 
especially where device dd 
forces in the liquid ints 
general, gravity has limit 
in reduced gravity enviror 



ls may-: 

n 

13 0 
Lows may 



ipss" sect ion to prevent 
flows between the 
130 may have a 
ad to residual flow 
!en separated from the 
ifprevent concentration of 
The capillary pressure 
the surface 120 can be 
eometry together with PI 
ention and to limit the 



:ace exc 



lay be- selectively 
pressure difference 
Specifically, PI may be 



lid. llfl^ 
rsing tH 
Loh portis 

magnit^L|e than P2. The flow path 
Id; 110 

the sur- 
yards a£: 
2ns ions, 
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wen if the device is 
face 120. The device may be 
|ownwardly facing surface, 
re very small, such that 
d inertial forces, in 
on the device so that use 
possible. 



it 
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the d^v\L 
e.120 i 
90 of 



Confinement of the liquid 110 
via geometry and wettability o t 
protrusion 50 facing the surf 
liquid 110. However, side wal 
made less wet table by liquid 
liquid 110 because of the 
90 and the surface 120 and beJause of! 
of the side walls 90. This comfines th<i 
surface 120 to an area roughly correi 
the end 80 of the protrusion |o; 



n the surface 120 is achieved 



ce. The end 80 of the 
made more wettable by 
the protrusion 50 are 



o'. There is no spread of- 



rigllt angle 



! 



The flow path 130 is around 
micrometers wide- Likewise, 
100 micrometers wide- The sU? 
around- 1-and 10- micrometers 
may be around 500 nanol iters! 
channel cannot exceed the wig 
maximum depth of the surface! 
the surface channel. It wilD 
dimensions are possible. 

There may be multiple fill 
port via a common flow pathl 



[fa<ce chium* 



1 etween the side walls 
tihe reduced wettability 

liquid 110 on the 
onding to the area of 



0 ; microm aters long and 100 
lej aperfciyres 30-32 may be around 
lei may be between 
[volumes of the chambers 
each, Tjie depth of the surface 
tti.of t!he surface channel. The 
channell :.s equal to the width of 
appreciated that different 



3r£s cc 



coir 



led to a single promotion 



13i0. Different reactive agents may 



ts for reaction within 



be introduced to each of thl £ill pt^-t 
the flow path 130. The flowlpcith 13J0jmay thus act as::a. 
reaction chamber activated, py iproxilmity of the surface 12 0, 
Similarly; -there. may be multiple pro: notion ports connected to 
a common fill port via comicfcn; flow' pith 130, Equally, there 
may be multiple fill ports' bonnect^df to multiple promotion 
ports via a common flow patfla |l30. 

Referring to 11 and 12, mujtijple dja*\ 
described with reference t 
to form. an array. Differ^ 

f erent 1 



figures 
conf icfu: 



are possible, involving 
chambers of such arrays 
cascade. Some of the int 



:ohnecte<3 

r 
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ices as herein before 
7 to 10 may be integrated 
rations of such an array 
n ambers of devices. The 



e iritjejrconnectea to form a 
chambers may provide 
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s 



reaction chambers in which li<j|id 110 
such reactions may be analyzed! in othj 
jsurface 120; Such products maylbe use< 
the surface 120. 



Referring now to Figure 13 , a pevice 
described with reference to Figures 
trace liquid 110 across the sJrface lfi( 
the device relative to the suJface 12 0 
device in contact with the sufface 120 
14, a trail of liquid 110 is'lhus left 



«*acts. The product of 
chambers or on the 
:o treat or react with 



similarly, with reference to. figure .15 
before described with refer 
eniployed to trace different * 
each liquid being loaded int 
device. Referring to Figure ' 
motion of the device relatiy* 
different liquids can be mixfed ..in sj 
surface 120. Such mixing may| for 
localized reactions between 1 
the surface 120. Equally a 
with reference to Figures 5 
similar liquids across the r 



herein before 
► 4 may be employed to 
via planar movement of 
with the end 80 of the 

Referring to Figure 
on the surface. 



a. device as herein 
e : to figures 5 and 6 may be 



cross the surface 120, v 
Jent • chamber 20- of- the-- 
ing the orientation and 
urface 120 r the 
looted regions of the 

le, facilitate 
xps in selected regions of 
.erein before described 
be employed to trace 
separate trails. 



Depending the orientation 4 Jd motion j of the device relative to 



the surface 12 0, the trails lean be 



25 each other. 



A device as' herein before 
7 to 10 may be likewise 
across the surface 120. 
tracing speed permits tuni 
via the device. Referring 
devices may be mounted in 



^scribec . 
Loyed tan 
spfendenl: 
hi ttifc 



separate or superimposed on 



|to ! Figur 
array 

with reference to Figures i |l ijand 12 

Idjflovzs 
liquid. 



employed to trace two lie 
Referring to Figure 18, tl 
or different liquids. Age 
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1th reference to Figures 
e a flow of liquid 110 
ontrol of flow rate and 
surface treatment applied 

17, two or more such 
& herein before described 

Such an array may also be 
cross the surface 120. 
Elows may comprise the same 



depending the orientation and 
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motion of the device relative 

of the liquid flows can be sep 

other. Independent control of' 

permits creation of gradients 

molecules on the surface. 

J 

< 

Referring to Figure 13, in ot 
invention, the first aperture; 
the intervening flow jaath 130 
one such example of the pres« 



10 31 is surrounded by the seconi aperture 32. The inner surface 
forms an annular recess surromnding the second aperture 32. 




the spiff ace 120, the trails 
uperimposed on each 
e tracflifg speed and flow rate 
tple, adsorbed 



The circumferential outer wall 

limited wettability as hereii 

flow path 130 is disposed bei 

the second aperture -3*2 . In 

i 

liquid 110 in. the fizfst aper'1 
treated is established, flowi 
from first aperture il to th<j 
aperture 32 may be continuo\ 
circumf erentially spaced opej 
promotion port. It will be 
first aperture 31, the flow' 
32 , need not be circular. Ol 
the present invention may he 
forms, such as square, triaj 
geometric forms. 



nts of the present 
cond aperture 32, and 
For example, in 
:ion, the first aperture 



of 



of the fee cond aperture 32 is of 
before described. An annular 
ten the Eirst aperture 31 and 
ation • once contact between the 
re 31 iird the surface 120 to be 
i 110 extends radially 



liqu 

second dper ture 32- The second 
or defined by a series of 
Lngs eacii connecting to the 
preciatei that the form of the 
ith 13 C , and the second aperture 
ler exaip Les of nested versions of 
different nested geometric 



liar. 



Embodiments of the presents Inventio a 

herein with referenhe to defaces having less and more wettable 



surfaces . In such devices , 
achieved via interracial t« 
function of surfac^ tensioi 
geometrical parameters in 
confinement pressure can bd 



n more complex nested 



lave been described 



35 difference between 
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differed 



bnfineiAeht of liquid 110 is 
Ision. ^hp interfacial tension is a 
surface; wettability and 
inat:.ca. The associated 
•achieve via a wettability 
devicja fsides euid device geometry. 



The confinement conditions l^re a function of contact angles of 
the liquid 110 witi the faies of thi device, surface tension 
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in the liquid 110, 
confinement conditions 
wettability pattern on 



pres sures 



flow rates. Preferable 
are obtained by ^P&cposi-ns a 
the geometry- 
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1. A device for applying a la 
the device comprising a: chambej 
aperture in the chamberl for co| 
chamber to the substrain© sui-fag 
sides of limited wettc 



bility 



2. A device as cla.ii 
protrusion defined by 

3 . A device as ciai; 
comprises inner sides 

4. A device as clai 
body comprises a plan] 
protrusion and a plan 



d in cl 
xe out 

|i 
1 1 

led xn ol 
t tabid 



bed xn an 



and surrounding the i| 
from the inner surfa 
stir face. jj 



lid to d substrate surface, 
[for cariprinsr the liquid, an 
aunicatirlg liquid from the 

via a Jonduit having outer 
the liqlid- 

Lm 1, halting a body including a 
sides op the conduit. 



lim 1 , wi brein the conduit 
|by the 3 iquid, 

preced: ng claim, wherein the 
rf ace- surrounding the • 



5. A device as claimed in; 
forms a peripheral recess s 



inner- 

outer; [f Jirface parallel to, offset from, 
ler sutiffece,. the 
and 



protrusion extending 
ng an efcd coplanar with outer 



6. 
is 

7. 

protrusion is wettafcle by € 

in 

n 



A device as claimed ini 
ji 

of limited wettability tip 
A device as clejimed in 



8. 



A device as cl£ 



L 



med iri 



chamber for carryin< the la; 
the liquid; a first 



ill 



communicating ligui 
surface via a first 
wettability to the 
second chamber for 



n 

$apextuirfl 

iJ ^ U 
(I from fca 



conduit 
iquid;/ 

sommunii 

f 
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laim 4, vSheriein the inner surface 
founding (the protrusion, 

Laim 4.-, wherein the outer surface 
le liquid. . 



Laim* 4, frherein the end of the 
liquid. 

Ilaini 1, fcomprising: a first 
lid; a second chamber for carrying 
(in the jjirst chamber for 
first Jhamber to the substrate 

aviiig: outer sides of limited 
id, a se :ond aperture in the 

ing; liq lid from the second 
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chamber to the substratja sur fa- 
outer sides of limited wettabii 



9. A device as claimed in c 
including a protrusion jdefined, 

5 and second conduits. j 

j. 

: 

10. A device as claimed in c 
first and second conduits co; 
liquid • 



11. A device as claimed in 
body comprises a plane inner 
protrusion and a plane outer 



and surrounding the inner sul fite ce, jthei!] 
•from the inner surface and hawing- an 
surface - 



i 

12. A device as claimed in " 

surface forms a peripheral 

i i 
i 1 

13 . A device as claimed in j 
surface is of limited wettalj 

14. A device as claimed in 
protrusion is wet table by tty 

15- A device as claimed in 

j j 

protrusion comprises j a flow 
aperture to the second ap 

i 

16 . A device as claimed ii| 
chamber has a first press 
flow path is remote jf rom t; 
chamber has a secon4 press' 
the first and second press 



via a sfecond conduit having 
i|ty to tife liquid, 

jfmed . in chaiin 8 r having a body 
Jpy the otjterl sides of the first 

.m 8 or jdlaim 9, wherein the 
Lse inner sides wettable by the 



of fcilaiii 
■face si 
irface pS 



iim 11, 

2ss surrc^ 
j 
i 

aim ill, 
ity ito 



^aim 111, 
liquid. 



8 to 10, wherein the 
rrotinding the . 
raljlel to, offset from, 
protrusion extending 
•cpplanar with outer 

i 
j 

^herein the inner 

iding the protrusion. 

i 

therein the outer 
le liquid. 

r 

! 

herein the end of the 



the liquid from the 



30 the flow path in response 
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first 



IwhJrein the end of the ** 
i * 

£diiig from the first 

i 

* I 

.aim? 15 jfl wherein: the first 
for p:etJfi.ning the liquid when the 
substrata surface; the second 

t the difference between 
t)ed to promote flow of 



such t: 
to is or 
iiinber to 
the'flo 



thd second chamber via 



path being located 



©036 
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f 

proximal to the substrate stir 
contacting the substratie surf 
pressures are such that the 1 
the second chamber in. response 
5 from the substrate surface. 

i 

17 . A device as claimpd in c 
the first chamber and the sec 
network for applying pressure 



IBM ZURICH IPD 

1 :' 



and t\ 
jr and, 
.'id is di 



ljiquid in the device 
; 'first and second 
awii towards at least 



18, A device as claimed in 
capillary network comprises 
parallel capillary members , 
fibrous material. 



19. A- device as -claimed in 
a plurality of first chamberl 



1b withdrawal of the flow path 



aim 15, W$.erein at least one of 
chajflbelf comprises a capillary 
the IdSfeuid. 



17, 
least oi 
fesh, a 



the or each 



i 



15 20.' A device as claimed in 



a plurality of second 



i 

lerpin 

ojE a plurality of 
arojus material , and a 



of - clagms *15 to • 18 , comprising 
.ch coupled to the flow path. 



I chambei 



21. A device as cladimed in 
flow path has one of fa curve 
cross section. 

20 22 . A device as claimed in 
the first and second pressua 
♦ drawn towards the first ch 
response to withdrawal of 
surface. 



25 23 . A device as claimed ini 

the second aperture feurro 

.i 

r 
I 

24. A device as claimed irj 
construction . 



of cldlms 



J 



_ 15 to 19, comprising 
each -colipled to the flow path. 



of Clc 

cross sc 



15 to 20 wherein the 
tion and a rectangular 
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y of^^rlflimsj 15 to 21, wherein 

are' suah that the liquid is 
jr and' tie second chamber in 

If low pajfh from the substrate 

i 
i 



^y of cj 
i the -£±3 



y prec* ling claim of unitary 



ims 15 to 22 , wherein 
t aperture. 

i 
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25. A device as claimed in cl 
polymer/ glass, silicon;, SU-8,};| 
ceramic, and metal. 



26. A device as claimed in aj 
layered construction. 

21 . A device as claimed in c 
formed from one of polymer, g. 
thermoplastic, metal, and cer 



IBM ZURICH IPD 



t 

24, ;fofcmed from any one of 
txotoiresi st # ! thermoplastic, 



28. An array of 
10 claim. 



devices each! pfe claim© 1 in any preceding 



29. A method for applying a 
the method comprising locatj 
claims 1 to 14 proximal to tl| 
the liquid to the substrate | 



claiml pseceiiing claim 24 of 



lLhi 26 , wAerein each layer is 
ss, silicon,; SU~8, photoresist, 
Lcs. 



quid to 



a substrate surface, 



15 retracting the device 



30, 



from tlill substrate Surface. 



A method for applying a {§. Lquid . to 



locate 



the method comprising]: 
claims 15 to 23 proximal to 
the liquid to the substrate 
the liquid from the first cl 
the flow path; and, j^e tract i 
surface. 

31. A method as claimed in| 
varying the flow of :be lie 
second chamber during the si 



a devic e a;s claimed- in • any of 
substrate surface; supplying 
rface .vi4 the device; and, 



I 
i 

substrate surface, 
a devifce Ls claimed in any of 
substr ktej surface; supplying 
*f ace i vi a. tlie - devi ce ; flowing 
>er to t :ie second chamber via 
the de*s< icej from the substrate 



aim '30, further comprising 
a from tne ^irst chamber to the 
?ly of. tie liquid to the surface. 



32- A method as claimed 
comprising: prior to 
relative to the 
30 each aperture 



the r€ 



substrate 



contadtxng 



Bnpf.Eeit:24/D4/2003 17:39 



aim: 29 
ctiiig, 
faces- wi til 



1, further 



:o i 

I 

noving the device 



thei ' but: s trkte surface . 



! 



e liquid in the or 
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33. A method for applying a 
the method comprising: jlocatinl 
claims 8 to 14 proximal ' to thef 
the liquid to the substrate s 
device relative to the substre 
the apertures contacting with 
retracting the device fnrom the 

34- A method as claimed in c 
device relative to the substr* 
the liquid produced as !the de- 
substrate surface remain sepa: 



id 



f ; 



af substrate surface. 



delficef as 



ice via the 



claimed in any of 



s t2?$.te| su: :f ace ; supplying 



device; moving the 



rate 



35. 



A method as claimed in c 



device relative to the 
the liquid -produced as 



15 substrate surface overlap. 

36. A method as claimed .in 
comprising, prior to locatinc 
the first and second chambers 



; substr< 
*the dej 




37 . A method as claimed in 
comprising, prior to :. beating 
the first and second 

38. A method for appijying a 
the method comprising:! locatj 
in any of claims 15 t ? 22 pr 

to the 
| array, 
[ chainb* 
\ substa 



J; I 

ilailns 33 



lb, 



supplying the liquid 
in each device of the 
chamber to the second 
array relative to the 
each aperture contacting wi 



30 retracting the array 



39 . A method as .claimed in 
at least one device ojf the 



.mall to 



from 




[with the liquid in 
itej surface; and, 
surface . 



ising orienting the 
ch that traces of 
relative to the 



mprising orienting the 
uch that traces of 
relative to the 



to 35, further 
similar liquid into 



to 35, further 



. : hg different liquids into 



iaixn \ 3&, 



fay, 
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substrate surface, 
f devices as claimed 
he substrate surface; 
urface via the array ; 
e liquid from the first 
low path; moving the 
with the liquid in 
ajte surface; and. 



the : 3iib 

subs iratfa sjurface. 

hi" 



furither comprising, in 



the flow of the 



■sna o nQQ 
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liquid from the first chamber 
supply of ttxe liquid tc 



the sv j Oace 



40. A method as claimed in c3 
orienting the array relative 
that traces of the- flovrp of 1 
moved relative to the sijubstrat 



41, A method as cla 
orienting the array re 
that traces of the 
10 moved relative to the 



flows 



r 



claim sd 



42. A method as 
comprising, prior to 1 
each device of the 



f 

arrtay 
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6 the 



chamber during the 



pr|claim39, comprising 
iibJtrate surface such 
AfedJced as the array is 
• suri ace Ireicain separate . 

im 3i brlcleim 39, comprising 
i. thei sfcbltrs.te surface such 
uid i iibdlced as the array is 
surl afcel overlap - 



in 



of 



3cat'ingH| loadang 



15 



43 . A method as claimed in 
comprising, prior to locating 
each device of the array. 



38 to 41, further 
similar liquid into 



8 to 41, farther 
[erent liquids into 
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A microfluidic device f$r app 
comprises a chamber f ox \ carry; 
the chamber for coinraunifcating 
surface via a conduit having 
wettability to the liomd, ThlH idjevifbe 
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hi 



jus 
liquic 



li< 
frc 

tet- 4Lde£ 



confining liquids to d&Eined 



involving physical sea! 
device and confined li< 



and 
lid onl 



|ea.s 

Jtii 



iau 



lie 



lid 
bid 



: a: 

a; 



to a surface 
an aperture in 



the chamber to the 
|:of limited 
-oxides a solution for 
Fsutfface without 



permits moving the 



sflr £af je . 
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